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B&P Fi le No. 11699-2/MG 

FIELD or im BSYagiQM 

5 * ^ 1116 faVfnttal rdateS *° * e ^eophilic modification 

of polyfluorinated catalysts. mcanon 

BACKGRnTl^r, CTHFrniIjIm 

Modern asymmetric synthesis demands new and improved 
10 IltT t Mft ~ B0 " fc the balance of S J C and 

tZT " ieqUired ^ 0rder t0 * » achieve 

rTc" T T*"* * 4 — * A ** " — - 

Among these, 2,2 -dihydroxy-l,r-binaphthyl (BINOL) and related 
15 STZZ ^ ^^-^'^BIMOP) have found 

r^^Tr* 16 ^ ^^^—eral modifications 
of the BINOL skeleton aimed at changing its steric as well as electronic 
Propers have been reported. Thus, partially hydrogenated BINOL was 
used m enantioselechve action of aldehydes, conjugate addition of 
d-^W tocychcenones, and ring-opening of epoxide!. Incorporate! 
20 of bromrne atoms at the 6 and <r positions of BINOL, rather JL from 
the catalyse site, was shown to increase the enantioselectivity of the 
ponding titanium catalysts in glyoxylate-ene reactions Bullcy 
tnaryisuyl groups at the 3 and 3' positions of BBMOL led to increased lev,* 
o _cial discrimination of prochiral aldehydes in asymmetit 
25 D.els-Alder reactions. 3,3-Dinitrooctahydxobinaphthol was allied in 
txtamum-catalyzed asymmetric oxidation of methyl-p-tolylsulfide 

The xnventors have demonstrated that substitution of 
hydrogens by fluorines at the 5, 5', 6 & 7 T 8 an rf «• •« , 

u*-*** (u.s. wtotion no 



10 



electrostatic potential surfaces (AMI) of BINOL and F 8 BlNOL revealed a 
noticeable difference in the distribution of electron density. The electron- 
deficient nature of the aromatic rings raised the oxidative stability of 
F g BINOL compared to BINOL as well as increases the acidity of the nng- 
bound hydroxyl groups. The inventors originally proposed that this could 
translate into high stability and modulated binding to metals as well as 
reactants in F 8 BINOL-mediated processes. The inventors subsequently 
discovered a dramatic increase in configurational stability of homochiral 
FgBINOL compared to BINOL with electronic effects playing a decisive 
role Catalytic asymmetric sulfoxidation experiments with 
Ti(IV)/P 8 BINOL catalyst indicate that fluorine substitution leads to 
improved levels of enantioselectivity and dictates a reversal in the sense 

of chiral induction. 

Impressive enantioselectivities were achieved in the hetero 
Diels-Alder reactions between the Danishefsky diene and aldehydes. Most 
importantly, the concept of electronic perturbation of the BINOL scaffold is 
working despite initial concern that octafluorination could drastically 
decrease binding to transition metals. 
cttmmarv OF THF INVENTION 

The present invention relates to improved polyfluonnated 
catalysts through the nucleophilic modification of polyfluorinated 
catalysts. The modification consists of displacing fluorine atoms of a 
polyfluorinated catalyst with a nucleophile. In particular, the present 
inventors have selectively displaced the fluorine atoms at positions 7 and 
25 T of 5 ^V6A,7,r,8,8'-octafluoro-2^.dihydroxy-l-l-binaphthyl (FgBINOL) 

with a nucleophile. 

Accordingly, the present invention provides a modified 
polyfluorinated catalyst having the formula: 



15 



20 



wherein X can be any nucleophile including OR, NR 2 , SR and wherein R 
can be any group including an aliphatic group; an aromatic group, a 
vmylic group, an acetylenic group or a heteroatom. 

Other features and advantages of the present invention will 
become apparent from the following detailed description. It should be 
understood, however, that the detailed description and the specific 
examples while indicating preferred embodiments of the invention are 
*T ° f ****** ^ *"* ^ Chan «es and modifications 

10 "* SC ° Pe ° f * 6 ™* apparent to those 

10 dolled m the art from this detailed description. 

brief BESCMEPQM or n W m M y mfig 

Ih. invention will now be described in relation to the 
drawings in which: 

15 catalyst. ^ ' ^ *" ° f > poiyfluorinated 

Figure 2 shows the configuration^ integrity of the 
polyfluorobinaphthyl core during nudeophilic modificadon 

and T oos ^ ? * at *■ 7 

and 7 posxtions of the modified catalyst 

20 electrodes^r ' ^ * * ^ *> « 

^mod^el^^ 
25 surface. ^ ' ^ ^ ° f a -> d ^ catalyst to a soHd 

Figure 7 shows the nudeophilic substitution at the 5 5" 
positions of the modified catalyst. 

ni , . h ,. RSU r 8 " 4 schemat * lowing the chemistry of the 
nucleophdK modification at the 5 and 5' positions. 

30 Figure 9 illustrates internal nudeophilic displacement in 

monoprotected F 8 BINOL. Placement in 
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Figure 10 illustrates a synthesis scheme for preparing H4F4 

ligands. 

r>PTATT.EP DF ^TPTION OF THF INVENTION 

As hereinbefore mentioned, the present invention relates to 
the nucleopWUc modification of fluorinated catalysts. In particular, the 
present invention relates to the selective displacement of fluorine atoms 
with nucleophiles on a polyfluorinated catalyst such as the catalyst 
5^^6 / 6^7,7^8,8'-octafluoro-2,2 , Himyd^oxy-l,l•-binaphthyl (F 8 BINOL). 

In one embodiment, the present invention provides a 
modified F 8 BINOL wherein the fluorine atoms at positions 7 and 7 have 
been selectively displaced with a nucleophile X and having the formula: 




wherein X can be any nucleophile including OR, NR 2 , SR and wherein R 
can be any group including an aliphatic group; an aromatic group, a 
vinylic group, an acetylenic group or a heteroatom. 
15 In a specific embodiment, the nucleophile X is an OR group 

and the modified catalyst is prepared from the bis (methyl) ether of 
FgBINOL according to the reaction scheme shown in Figure 1. Preferably, 
the nucleophile OR is a methoxy group (OMe). The inventors have 
shown that selective substitution of the fluorine groups at the 7 and T 
20 positions with the methoxy group takes place in 95% yield with 
remarkable selectivity. The configuration integrity of the 
polyfluorobinaphthyl core during the methoxyiation process is shown in 
Figure 2. 

Using the methoxyiation process to develop the modified 
25 catalysts the inventors will now be able to develop combinatorial 
approaches to catalyst development The inventors can determine which 
substitution pattern on the FgBINOL moiety gives optimal catalyst with 
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2TZ T ****** * 1 PartCUlar reaCtion - To *is issue 

^ - ^ FgBlNOL will be varied 

replacing fluorines at the V position, with a variety of XH nucleoph J 
to develop analogs of F 8 BINOL. P 

5 The inventors will be able to generate libraries of such analogs 

using solution and solid-phase oarallpl • „ analogs 

, ^. . p ^ P»aUel synthesis. The structure/activitv 

relationships will be deciDhered ^mie/ activity 

lib™* deciphered based on screening the resulting catalyst 

l*rar es ui a variety of reactions including hetero Diel-Ald^ 

mnH . fi ^ 3 " a Schema « c *V»m showing the chemistry of the 
modified catalyst at the 7 and 7" positions. The favourable con^at^ 
^ the _ cataIyst leads fo many 

for the catalyst. For example, facile modification at the 7 7- J^T 
suggests the possibility of placing the catalytic reaction ^ ~ 

« t 2 5 ^ ^ ^ m ° n0d - ate »*« -suit 

p the stenc constrains that should defeat chelation. In order to create 

different bidentate sites at the 7 ,T position, liters of varied 
be mserted into the X-C(7) and X-C(7) bonds. 5 

F BlMnx SeleCtiVC nUcle °P^ functionalization of the 

^V^^^^-^^-^dc.talysttoasoUd 

3cel ^oT i ^ 6 eXempl£fieS " ~ "braries of 
TenuGel S OH resavlinfeed catalysts. An alternative to the strategy is to 
produce functionality X directly onto the li g and-deriva tt2 ed JT d 

7,T substituents. ft sho*d * *• 

modified BINOL J^JLTTT *" ****** * 
mvolve rather harsh e/ectropM* functionalization 
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which puts substituents into the 6,6' positions and necessitates a 
suUeouent resolution step which is not feasible under combinatorial 
protocols commonly performed on a microgram scale. On the contrary 
high configuration^ stability of F 8 BINOL under basic conditions wul 
5 enable the use the homochiral starting material without the loss of 
enantiomeric purity during the nucleophilic substitution. As well, 
substituents at the 7,7 positions could have direct steric influence over the 
dihedral angle which should modulate the catalytic activity, a feature not 
available for the 6,6' substitution pattern. 
10 In addition to the nucleophilic displacement of the fluorine 

atoms at positions 7 and T, the present invention also includes the 
nucleophilic displacement of other fluorine atoms in the F 8 BINOL 
catalyst. Figure 7 shows the selective displacement of the fluorine atoms at 
positions 5 and 5' with the nucleophiles X and Y in a modified F 8 BINOL 
15 containing A, B or C groups at positions 7 and T. Figure 8 shows the 
stereochemistry of a modified F 8 BINOL containing nucleophiles at the 5, 

5', 7 and T positions. 

Figure 9 shows internal nucleophilic displacement in 
monoprotected F 8 BTNOL which illustrates that the axial chirality of 
20 F 8 BINOL provides convenient access to ligands with helical chirality. 

While the present invention has been described with reference 
to what are presently considered to be the preferred examples, it is to be 
understood that the invention is not limited to the disclosed examples. To 
the contrary, the invention is intended to cover various modifications and 
25 equivalent arrangements included within the spirit and scope of the 

appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
30 individually indicated to be incorporated by reference in its entirety. 



Wg Claim; 



b^phthyl (FgBINOL) catalyse wherein the fluorine ^ ^ ^ 
« 5 and 5' and/or (b, 6 and 6 - ^ „ , ^ ~ 
5 b « n Actively displaced with a nucleophile. * 

2- A modified catalyst according to claim 1 wWi„ «, « 

— at position 7 and , are ^ ^ ^ ™r 

1 Amo ^ catalyst according to daim 2 wherein the fluorine 

atoms at portions 5 and S are disced with a nucleophile. 
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A modified polyfluorinated catalyst having the formula 




Where* X can be any nucleophile including OR, NR 2/ SR md wWm R 
can be any group including an almh a *,v _ 

***** .-—iZZZZZ — «~* • 
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8 . A modified polyfiuorinated catalyst according to any one of 
daims i to 6 wherein the catalyst is linked to an electrode surface. 

9 . A modified polyfiuorinated catalyst wherein at least one 
fluorine atom is displaced with a nucleophile. 
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BP File No. 11699-2/MG 
Modified 5,5',6,6',7 / 7-,8,8--octafluoro-2 / 2'. dih ydroxv.l V 

e :rTr^ L)cataiystsarede6ctibed - 

***** Ae fluorine atoms of FggiNoL ^ a Me 

i-gMNOL are of particular interest. 
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